B lunt cerebrovascular injury (BCVI) is characterized by trauma to the vascular wall of the carotid and vertebral arteries. This vascular trauma has a wide spectrum of manifestations, ranging from subtle intimal injury to complete arterial transection. The first large case series of BCVI was published in 1996 by Fabian et al. 15 Since then, there has been a growing awareness to screen for BCVI in trauma centers. The occurrence of BCVI in patients with blunt trauma can range from 0.1% in an institution that does not routinely screen for BCVI to 2.7% in an institution that does have a screening protocol in place.
tion of critically ill patients to the angiography suite is not required; and 5) it is less personnel and resource intensive. Also, patients with BCVI that is diagnosed based on DSA but is not detected on CTA may have a more favorable prognosis. 2 The Western Trauma Association and Eastern Trauma Association have published clinical guidelines and evidence-based reviews of screening and treatment strategies for BCVI in patients with trauma. 1, 7 These guidelines recommend the creation of an institutional BCVI screening protocol at all trauma centers. Biffl et al. have previously demonstrated improved BCVI diagnosis and decreased stroke rate after establishing a BCVI screening protocol with DSA, during a time when BCVI awareness was not widespread in trauma centers. 6 Some have advocated the need for studies demonstrating the clinical impact of CTA screening protocols for BCVI. 21 The objective of this study was to investigate the utility of a consensus-based BCVI screening protocol with CTA at a single Level 1 trauma center. We examined the rates of BCVI detection and ischemic complications before and after implementation of a BCVI screening protocol.
Methods
This study received approval from our institutional Conjoint Health Research Ethics Board.
Development of the BCVI Screening Protocol
An institutional screening protocol for asymptomatic BCVI with CTA was developed and implemented in August 2005 at Foothills Medical Centre by the Adult Trauma Quality Assessment Management Committee with input from multiple specialties including trauma surgery, radiology, neurosurgery, stroke neurology, and critical care medicine. Before the development of this protocol, the use of CTA to screen for asymptomatic BCVI was less systematic and was at the discretion of the Trauma Team Leader.
Our screening protocol is a modification of the Denver screening criteria, which include: 1) severe injury mechanism involving severe cervical hyperextension/rotation or hyperflexion associated with displaced midface, complex mandibular fracture, or closed head injury with diffuse axonal injury; 2) near hanging resulting in anoxic brain injury; 3) physical signs including seat belt abrasion across the neck or neck swelling; 4) basal skull fracture involving the carotid canal; and 5) cervical spine fracture involving the vertebral body in a previously normal spine (not degenerative or pathological) or involving the transverse foramen. 5 If a patient with trauma satisfies at least 1 of the screening criteria, then CTA of the head and neck is obtained within the next 24 hours, if feasible. Patients with suspected symptomatic BCVI (e.g., cervical bruit in a patient younger than 50 years old, hemiparesis or other lateralizing signs, neurological symptoms or deficits not explained by radiological imaging, persistent epistaxis or bleeding from the ears, or ischemic infarct on neurological imaging not otherwise explained from initial injury) undergo CTA regardless of whether screening criteria are present.
Patient Population
Foothills Medical Centre is one of the largest hospitals in Canada. It is the sole accredited Level 1 trauma center for more than 2 million people living in a catchment area that includes the southern half of the province of Alberta, as well as parts of neighboring provinces of British Columbia and Saskatchewan. Patients with trauma were identified using a prospective hospital trauma registry (Alberta Trauma Registry), which contains clinical information of all patients with trauma presenting to Foothills Medical Centre with an injury severity score (ISS) of at least 12. The time frame of our study was divided into two 3-year periods-August 2002 to July 2005 (during which time 2431 patients were identified) and August 2005 to July 2008 (3049 patients were identified)-representing time periods before and after implementation of the BCVI screening protocol, respectively. Clinical data, including demographic information, BCVI risk factors, and injury profile, were obtained via retrospective analysis of the prospectively collected database. Patients with penetrating vascular injuries were excluded.
Imaging Protocol
From 2002 to 2005, a 4-channel multidetector CT scanner (General Electric) was used. A 40-channel multidetector CT scanner (Siemens) was used briefly from 2005 to 2006, followed by a 64-channel multidetector CT scanner (Siemens) from 2006 to 2008. From the database, all vascular imaging reports for patients with trauma who were admitted during the time period of interest were reviewed. Imaging modalities included CTA, MR angiography (MRA), and DSA. If there were any discrepancies between imaging reports from different modalities, then any reported DSA results were considered the gold standard. Similarly, CTA was considered more reliable than MRA.
The imaging results of patients diagnosed with BCVI were analyzed and classified based on the Denver grading scale: Grade 1, intimal irregularity or dissection causing < 25% luminal narrowing; Grade 2, dissection, raised flap, or thrombus causing > 25% luminal narrowing; Grade 3, pseudoaneurysm; Grade 4, occlusion; and Grade 5, transection. 4 Traumatic carotid-cavernous fistula was treated as a separate entity due to its distinct clinical course compared with other Grade 5 vascular injuries. Vascular imaging studies of patients with trauma who were not reported to have BCVI were not reanalyzed. The BCVI detection rate was calculated by dividing the number of patients positively diagnosed with BCVI by the total number of patients with trauma in the database for that time period.
Stroke, Hospital Course, and Clinical Outcomes
Ischemic stroke was diagnosed based on retrospective analysis of inpatient charts, review of the complications data from the Alberta Trauma Registry, and review of neuroimaging reports. We defined stroke as a new neurological deficit not otherwise explained by the existing injuries and supported by radiological imaging. The BCVI stroke rate was calculated by dividing the number of patients with BCVI who had ischemic complications by the total number of patients with trauma in the database for that time period. Data concerning hospital length of stay (LOS) and mortality were also collected from the registry. Clinical outcomes at hospital discharge were based on the modified Rankin Scale (mRS). The mRS scores range from 0 to 6, with 0 meaning the patient is asymptomatic and 6 indicating death.
Statistical Analysis
Descriptive statistics are reported as the means and/or medians with SDs. Baseline demographic data and clinical information pre-versus postprotocol were compared using the chi-square test or Fisher's exact test for categorical data and dichotomous data, respectively, and 2-tailed Student's t-test for continuous data. The BCVI detection rate and stroke rate were compared before and after protocol implementation using Fisher's exact test. The mRS scores at hospital discharge and the time to vascular imaging or treatment were compared before and after protocol implementation using the Mann-Whitney U-test. A p value < 0.05 was considered significant. A p value between 0.05 and 0.10 was considered a statistical trend. Statistical tests were performed using Stata 12.0 (StataCorp).
Results

Trauma Registry Population Characteristics
Clinical information and frequencies of various BCVI risk factors are shown in Table 1 for the overall trauma population. Postprotocol, the patients were slightly older (46.3 years vs 43.8 years; p < 0.001) and were less likely to be intubated (16.4% vs 18.9%; p = 0.01). Otherwise, there were no significant differences in clinical data and frequencies of various BCVI risk factors pre-versus postprotocol.
Vascular Imaging in Patients With Trauma
Data regarding the use of vascular imaging in patients with trauma are presented in Table 2 . Preprotocol, patients with trauma underwent significantly more MRA and DSA studies than postprotocol. After protocol implementation, patients with trauma underwent significantly more CTA studies and vascular imaging studies in general. Overall, among patients with trauma who had BCVI risk factors, there were more missed BCVI screenings before compared with after protocol implementation (51% [133 of 260] vs 20% [60 of 306]; p < 0.001).
Diagnosis of BCVI in Patients With Trauma
There was no significant difference in the proportion of patients with trauma diagnosed with BCVI before compared with after protocol implementation (0.9% [23 of 2431] vs 0.8% [24 of 3049] ; p = 0.53; Table 3 ). The mean number of days after initial presentation with trauma before being diagnosed with BCVI on vascular imaging was 8.2 (median 3) days and 2.5 (median 1) days pre-and postprotocol, respectively (p = 0.12). Overall, 4% (2 of 47) of these patients had > 1 vascular territory affected, and both of these patients were identified postprotocol. Although not included in our BCVI series analysis, there were 2 patients with traumatic carotid-cavernous fistulas preprotocol, and none were identified postprotocol.
There was also no significant difference in baseline clinical information of patients with trauma who had BCVI between the 2 time periods. The most common mechanism of injury was motor vehicle collision (70%), followed by fall from height (17%). Among BCVI risk factors, only cervical vertebral body fracture was significantly different post-versus preprotocol (54% vs 22%; p = 0.04), which may also explain the trend toward more vascular injuries in the vertebral artery territory postprotocol compared with preprotocol (75% vs 48%; p = 0.06). Overall, 17% (8 of 47) of patients with BCVI did not have at least 1 of the screening risk factors, whereas only 7% (39 of 566) of patients with trauma who had BCVI risk factors were actually diagnosed with BCVI. Characteristics of the subset of patients diagnosed with BCVI were different from the overall trauma population, being younger in age (p = 0.03), predominantly female (p < 0.001), and having a more severe injury presentation with a higher ISS (p < 0.001) and a lower Glasgow Coma Scale (GCS) score (p < 0.001). There was a trend toward a different distribution of BCVI injury grades after protocol implementation, with an increase in Grade 4 vascular injuries and a decrease in Grades 2 and 3 vascular injuries (p = 0.07; Fig. 1 ).
Stroke Secondary to BCVI
Overall, there was a trend toward less ischemic stroke observed in patients with BCVI postprotocol compared with preprotocol (7 patients vs 13 patients; p = 0.06; Fig.  2 ). The corresponding trauma population stroke rates were 0.23% and 0.53%, respectively, with a 0.3% absolute risk reduction and 57% relative risk reduction. Overall, strokes occurred more frequently from carotid artery injuries than from vertebral artery injuries (60% vs 31%; p = 0.04). The mean number of days from trauma center presentation to development of stroke symptoms was 5.1 days (SD 7.0, median 2, range 0-24 days) and 7.0 days (SD 6.5, median 5, range 1-19 days) before and after screening protocol implementation, respectively (p = 0.24).
Despite implementation of a BCVI screening protocol, there were still 2 patients who developed potentially preventable ischemic strokes secondary to BCVI, defined as strokes occurring before vascular imaging and more than 2 days after trauma center presentation. A period of 2 days was selected to permit adequate time for most patients with trauma to undergo the CTA screening process, as well as for interpretation and dissemination of radiological results. No patient with a negative CTA was subsequently diagnosed with BCVI or developed stroke symptoms in the hospital.
Management of BCVI
Overall, 75% of patients with trauma diagnosed with BCVI were treated with antiplatelet agents (e.g., acetylsalicylic acid [ASA] and/or clopidogrel), with significantly more patients treated postprotocol than preprotocol (88% vs 61%; p = 0.05; Table 4 ). However, there were fewer patients treated with intravenous heparin postprotocol (4% vs 26%; p = 0.05). The mean time to initiation of medical treatment after BCVI diagnosis was 5.6 (median 0) days and 2.7 (median 0) days preprotocol and postprotocol, respectively (p = 0.95).
No patient experienced new or increasing symptomatic intracerebral hemorrhage after antiplatelet or intravenous heparin therapy for BCVI, despite 70% of patients with BCVI having evidence of traumatic brain injury on initial imaging. One patient who was started on clopidogrel had a self-limiting upper gastrointestinal bleeding episode that did not require blood transfusion. Two patients (9%) were treated with endovascular therapy, both during the preprotocol period. Overall, 10 patients (21%) did not receive either medical or endovascular treatment. One patient with a right extracranial internal carotid artery dissection developed amaurosis fugax in her right eye despite being on ASA and clopidogrel. She later underwent a carotid stenting procedure.
Clinical Outcomes of Patients With BCVI
Clinical outcomes at hospital discharge before and after the protocol implementation were not significantly different (Table 4 ). There was no significant difference in the in-hospital mortality rate between groups (13% vs 8%; p = 0.67). The mortality rates in stroke and nonstroke patients with BCVI were 20% and 4%, respectively (p = 0.15). Also, there were no significant differences in intensive care unit LOS or overall hospital LOS.
Discussion
In our Level 1 trauma center, an institutional, consensus-based CTA screening protocol for BCVI did not appear to increase the rate of BCVI detection. However, there was a trend toward a decreased rate of ischemic stroke secondary to BCVI. For calculation of the stroke rates and statistical comparisons, we used the total trauma population as the denominator rather than the total number of patients diagnosed with BCVI. A stroke rate based on the total number of patients with BCVI may be misleading, because a CTA screening protocol may detect BCVI with a possibly more benign clinical course. This study provides additional support for the importance of having formalized BCVI screening protocols at trauma centers. We believe that the observed decreased stroke rate may have been due to the increased screening and earlier diagnosis of BCVI with a CTA screening protocol in place. However, it is important to recognize that there were several differences between the 2 compared periods that may have influenced the rate of ischemic complications. The overall baseline clinical characteristics of the trauma population before and after the screening protocol were similar, except for patients being slightly older and less likely to be intubated at hospital presentation during the postprotocol period. If anything, a clinical cohort of older patients would have led to a higher stroke rate.
The decreased likelihood of intubation may be related to changes in practice patterns rather than being an indicator of less severe trauma, because the presenting GCS scores and ISSs were similar between the 2 compared time periods. Also, among the patients with trauma diagnosed with BCVI, there were significantly more patients with cervical vertebral body fractures, leading to a trend toward more vertebral artery injuries during the postprotocol period. Vertebral artery injuries may have a lower stroke risk than carotid artery injuries, although this finding is not consistent across all studies. 19, 20, [25] [26] [27] [28] There were more Grade 4 injuries, but fewer Grade 2 or 3 injuries during the postprotocol period. It is known that higher-grade vascular injuries have an increased stroke rate compared with lower-grade injuries; thus, we would have expected a higher stroke rate postprotocol based on BCVI grade distribution alone. 4, [25] [26] [27] [28] Also, the channel number of the CT scanners increased during the years of the study, with a 4-channel multidetector CT scanner used preprotocol and a 64-channel multidetector CT scanner predominantly used postprotocol. In a meta-analysis, Roberts et al. reported a higher BCVI sensitivity in CT scanners with greater numbers of channels. 22 Finally, there were more patients with BCVI receiving antiplatelet treatment or anticoagulation during the postprotocol period, which may have led to the decreased stroke rate. A greater awareness of BCVI and its ischemic complications may have led to an increased propensity to treat the vascular injuries.
Three groups have published clinical studies concerning the effect of a CTA-based BCVI screening protocol on stroke rates. 14, 23, 24 Investigators from the University of British Columbia found a decrease in stroke rate from 67% prior to the CTA screening protocol (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) to 0% with the CTA screening protocol (2002-2003) . 17, 18, 24 However, the comparison groups were not based on consecutive years, and the 0% stroke rate omitted 1 patient with trauma who was diagnosed with a stroke but failed to undergo CTA screening despite the presence of BCVI risk factors. 24 Similarly, with a CTA screening protocol, Rogers et al. also found a decrease in the number of strokes postprotocol, but overall stroke rates were low. 23 After transitioning from a DSA-based screening protocol to a CTA-based screening   FIG. 2 . Number of patients with trauma who had BCVI who developed ischemic stroke before and after implementation of a CTA screening protocol. There was a trend toward a reduction in ischemic stroke after implementation of the protocol (0.23% vs 0.53%; p = 0.06).
FIG. 1.
Grading of BCVI in patients with trauma before and after implementation of a CTA screening protocol.
protocol for BCVI, Eastman et al. reported a significant decrease in stroke rates, from 15.2% to 3.8%.
14 Foothills Medical Centre is the sole Level 1 trauma center for a large geographic region and sizable population. This makes it ideal for epidemiological studies, especially those looking at clinical conditions that have a relatively low prevalence, such as BCVI in the trauma population. The detection of BCVI with CTA in this trauma population remained unchanged after implementation of the screening protocol, with an overall prevalence of 0.9%, which is consistent with the prevalence of 0.1%-2.7% in the published literature. 7 This finding was unexpected; we anticipated that more vascular injuries would be diagnosed during the postprotocol period due to the presence of a screening protocol and the presumed benefit of newer-generation multidetector CT scanners. Screening protocols that are based on CTA have been shown to increase BCVI prevalence in the blunt trauma population from 0.17% to 1.4%. 24 Retrospective studies have found that the radiologists' reading of CTA scans has improved with experience. 16 As imaging technology continues to evolve, BCVI detection may become more and more sensitive and specific. Because CTA was used as a first-line screening modality in our study, it is probable that vascular injuries were missed that would otherwise have been detected with DSA. However, we did not see an increase in BCVI-related complications. Perhaps the vascular injuries not detected by CTA that would otherwise have been detected by DSA have a milder clinical course. Our use of DSA was primarily to clarify equivocal CTA findings. We have moved away from using MRA due to its poor sensitivity for BCVI detection. 3 Critics may say that our CTA screening protocol is not inclusive enough, e.g., screening patients with cervical fractures involving the vertebral body and/or extending into the transverse foramen, but not screening patients with isolated laminar or spinous process fractures. As suggested by Burlew and colleagues, at some point there needs to be a level of cost-consciousness in an environment where resources are limited. 8 There will be patients with BCVI who do not have any identifiable risk factors (17% in our study). To detect all patients with BCVI, one study estimated that 96% of the blunt trauma population would need to be screened, which is not practical for most institutions. 9 Our management philosophy is similar to previously published guidelines, which state that medical management is the first-line treatment for BCVI, assuming no absolute contraindications, and endovascular treatment is avoided if possible. 1 The majority of the patients with BCVI in our study were treated with medical therapy. Patients with BCVI commonly also have traumatic brain injury (70% in our study). The decision to initiate treatment for BCVI requires consensus among our neurosurgery, stroke neurology, radiology, trauma surgery, and critical care teams, with a thoughtful consideration of the bleeding risks associated with antiplatelet agents and/or anticoagulation balanced with the potential morbidity of ischemic complications.
Cothren and colleagues identified a 2.8% (8 of 282 BCVIs) significant bleeding complication rate after initiating medical therapy in patients with asymptomatic BCVI. 10 One concern with using an antiplatelet agent is that its reversibility in the setting of life-threatening hemorrhage is more difficult than with intravenous heparin. We have found treatment with ASA to be safe, with no patient in our study developing new or progressive symptomatic intracerebral hemorrhage. The study by Cothren et al. found that the choice of medical therapy for BCVI, either heparin or antithrombotic therapy, did not affect the stroke rate or the vascular wall healing rate. 10 Another report by Cothren et al. reported significant risks with endovascular intervention in patients with BCVI. 11 However, DiCocco et al. demonstrated good outcomes after endovascular therapy in a large case series of patients with BCVI. 13 There are several important limitations to this study. First, this study is a retrospective analysis. Also, the Alberta Trauma Registry only includes patients with trauma who have an ISS > 12, possibly excluding a small number of patients with BCVI who have a lower overall injury severity. The registry also includes all types of trauma, not only blunt trauma. In addition, the neuroradiologistreported BCVI-negative vascular imaging studies were 
Conclusions
Guidelines published by major trauma associations have advocated for the need for BCVI screening protocols at trauma centers. 1, 7 In keeping with these guidelines, this study provides additional support that the implementation of a formalized BCVI screening protocol with CTA in a Level 1 trauma center may be of clinical benefit, with a trend toward a reduction in ischemic complications. Although more patients underwent BCVI screening postprotocol, there is still room for improvement in terms of reducing the number of missed screenings. It is important for such a protocol to have the support of all clinical specialties involved in managing traumatic neurovascular injuries, including trauma surgery, neurosurgery, critical care, stroke neurology, diagnostic radiology, and interventional neuroradiology. The BCVI screening criteria continue to evolve, emphasizing the need to periodically update institutional screening protocols. Treatment of BCVI with antiplatelet agents appears to be safe. Multicenter, prospective registries would help to determine how best to manage patients with BCVI to prevent stroke sequelae. 
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